Intellectual and scientific content of the study.
Introduction
A variety of experimental models have been used to study processes involving degeneration and regeneration of the peripheral nerves; animal models such as dogs and cats 1 , rabbits 2 , guinea pigs
3
, pigs 4 , and rats 5, 6 have been used, each with its own advantages and disadvantages, but we still remain far from the ideal model.
One well-established model is the sciatic nerve in rats 7 .
However, questions related to surgical treatment of facial paralysis have led to double muscle innervation hypothesis 8 . Therefore, to enlighten this issue, two different motor units experimental model become interesting, making the study of the tibial and fibular branches of the sciatic nerve relevant.
The goal of electrophysiological studies is to determine and quantify the function and disorders of the peripheral nervous system, specifically of the motor nerves and motor unit 9 , becoming a fundamental tool on nerve regeneration assessment. Factors such as anatomy, electrode type and distance, location and intensity of electrical stimulation, and surgical fibrosis could affect results
10
.
The aim of this study was to evaluate a new model of intraoperative electromyographic assessment of the tibial nerve, fibular nerve, and its respectives motor units in experimental studies with rats.
In the technique proposed here, supramaximal electrical stimulation directly applied onto isolated sciatic nerve, through a bipolar needle electrode, at a fixed point 10 mm proximal to its trifurcation into the tibial, fibular, and sural branches, was recorded into gastrocnemius muscle (GM) and extensor digitorum longus muscle (EDLM).
Methods
This study was approved by Universidade de São Paulo (USP) research ethical committee under process number 157/13.
In sample size calculation, the following assumptions were accepted: data are paired and come from the same population;
each pair is chosen randomly and independently; minimal number of animals for p<0.05 and equal coefficient of variance due to biological variability. Normality assumption was rejected and it was used a nonparametric test, the Fligner-Policello modification of the Mann-Whitney-Wilcoxon, to determine the sample size shaved and cleaned with a polyvinylpyrrolidone 10% solution.
A 3 cm skin incision was made longitudinally on the posterior aspect of each thigh, from the greater trochanter to the knee.
Blunt dissection was performed between the gluteus maximus and biceps femoris muscles, and sciatic, tibial, fibular, and sural nerves were exposed, along with the gastrocnemius muscle (GM).
After intraoperative electromyography (EMG) was performed, the incisions were closed along the muscular planes and the skin using 6.0 nylon suture.
After 12 weeks, once again, all rats underwent new intraoperative EMG, followed by euthanasia with an intraperitoneal injection of pentobarbital sodium (100 mg/kg) 12 .
Functional assessment 
Electrophysiological evaluation
Intraoperative electrophysiologic testing was conducted in both hind limb at week 0 and after 12 weeks.
During the surgical procedure, the animals had the body temperature assessed through a rectal thermometer and kept around 34°C, and the ambient temperature was maintained around 25°C.
The sciatic nerve was then stimulated and the compound muscle action potential (CMAP) was recorded in the compartments of the tibial and fibular nerves on the side ipsilateral to the stimulation.
The CMAP parameters analyzed were amplitude and latency. brand with a similar coating to the electrodes described above was used as a ground (neutral), but was positioned at the midpoint between the stimulation and the recording electrodes. If impedance exceeded five Ω, the electrodes were relocated or replaced.
FIGURE 1 -Electrode model used for electrical stimulation (A). Electrode model used for electrical recording (B).
The stimulus electrodes were located in the sciatic nerve, 10 mm proximal to its trifurcation ( Figure 2 ), anode (+) was placed proximally and the cathode (-) distally from this point.
The electrical stimuli used were unique, without promeasurement, and had a duration of 0.2 ms. Initial intensity was 0.1 mA and gradually raised until supramaximum stimulus was reached. In the tibial nerve compartment, represented by the GM, the CMAP was recorded through the distal part of the electrode inserted into the belly of the GM at its midpoint between the proximal portion and its distal tendon, at a distance of 15 mm longitudinally from the trifurcation of the sciatic nerve (Figure 3 ), parallel to the fibers and ipsilateral to the stimulated side, with the proximal recording pole and the reference pole more distal in relation to the stimulator. The scan used was 1.0 ms/division with a total window of 10 ms and a gain of 2.5 mV/division. The electrodes positioned together for the intraoperative EMG are shown in Figure 5 . 
Statistical analysis
The results of the tests were expressed as means and standard deviations and compared using Statistical Package for Social Sciences (SPSS) software version 19.0, specifically through the nonparametric Wilcoxon signed-rank test, with the level of significance set at 5% (p<0.05).
Results

Functional assessment
The TFI for the right and left hind limbs of the 8 animals 
Electrophysiological evaluation
As for the tibial nerve and the GM, the amplitude of the right and left hind limbs of the 8 animals revealed statistical similarity in both week 0 (p=0.999) and week 12 (p=0.069).
Latency also was seen to be similar between both sides in both week 0 (p=0.270) and week 12 (p=0.575). was revealed that GM amplitude and latency were similar, while EDLM amplitude and latency were statistically different (Table 1) . Because it is quite long and and easily exposed, the sciatic nerve of Wistar rats is one of the most commonly used models in studies investigating neural regeneration 16 . However, Kemp 17 showed that reinnervation occurs after nervous transfer between the tibial and fibular nerves, revealing that these branches of the sciatic nerve may be used in experimental studies of peripheral nerves. However, inconsistent outcomes may be found if analysis method is not standardized 5 .
In peripheral nerve regeneration study the assessment moment is crucial. It was demonstrated that 12 weeks after nerve repair, axonal count reaches its maximum 18 . English 19 showed that recovery of electromyographic activity after transection and surgical repair of the sciatic nerve in rats happens gradually,
reaching highest values from 8 weeks after the experiment.
This study revealed that invasive surgical exposure of the sciatic nerve and its branches, associated with intraoperative electromyography did not lead to gait functional changes 12 weeks after the first procedure. This may corroborate to inconsistents EMG outcomes in sciatic nerve experimental studies, showing that the adjacent muscles have a strong influence on recording from the GM and vice versa.
Despite higher readings in week 12, compared with week 0, there was no significant statistical difference between these two moments regarding GM amplitude (p=0.069) and latency (p=0.256). These findings suggests that intraoperative EMG in moment zero could be used as a normal control, dismissing the need for a sham group just for EMG in a later moment of observation.
On fibular nerve compartment, there was a significant statistical difference between the two evaluation moments in terms amplitude (p=0.003) and latency (p=0.021). The EDLM is located in the anterior compartment of the leg and is substantially less bulky than the GM. To avoid increased morbidity in the rat's leg, as result of unnecessary dissection, the recording electrode was percutaneously introduced at a fixed point 2 cm distal from the knee joint. Surgical fibrosis and cross reading contamination from adjacent muscles may be the reason for these changes at the different times 21 . In a future study, the model presented for intraoperative EMG evaluation will be used to assess progress after injury and different techniques of nerve repair, including double innervation.
Stipp-Brambilla
Conclusions
Intraoperative electromyography determined and quantified gastrocnemius muscle motor unit integrity, innervated by tibial nerve. Although this study was not useful to, objectively, assess extensor digitorum longus muscle motor unit, innervated by fibular nerve. The methodology described allows the tibial or fibular nerve to be analyzed separately, sectioning the nerve that is not relevant at the evaluation moment.
